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Description 

Background of the Invention 

It Is highly desirable for tires to have good wet skid 
resistance, low rolling resistance, and good wear char- 
acteristics. \t has traditionally been very difficult to 
improve a tire*e rolling resistance without sacrificing its 
wet skid resistance and traction characteristics. These 
properties depend to a great extent on the dynamic vis- 
coelaslic properties of the rulabers utilized in making the 
tire. 

In Older to reduce the rolling resistance of a tire, rub- 
bers having a high rebound have traditionally been uti- 
lized in making the tire's tread. On the other hand, in 
onderto increase the wet skid resistanceof a tire, rubbers 
which undergo a large energy loss have generally been 
utilized in the tire's tread. In oixler to balance tiiese two 
viscosiastically inconsistent properties, mixtures of var- 
ious types of synthetic and natural rubber are normally 
utilized in tire treads, i^r instance, various mixtures of 
styrene-butBdiene rubber and polybutadiene rubber are 
commonly used as a ruisbery material for automobile tire 
treads. However, such blends are not totally satisfactory 
for all purposes. 

In United States Patent 4,843,120 tires having 
improved performance characteristics can be prepared 
by utilizing rubbery polymers having multiple glass tran- 
sition temperatures as the tread rubber. These rubbery 
polymers having multiple glass transition temperatures 
exhibit a first glass transition temperature which Is witiiin 
the range of about -1 WC to -20'*C and exhibit a second 
glass transition temperature which is within the range of 
about -50^C to Q'*C. According to U.S. Patent 4.843.120 
these polymers are made l^y polymerizing at least one 
conjugated dioiefin monomer In a first reaction zone at 
a temperature and under conditions sufficient to produce 
a first polymeric segment having a glass transition tem- 
perature which is between -1 WC and •20'*C and sub- 
sequently continuing said polymerization in a second 
reaction zone at a temperature and under conditions suf- 
ficient to produce a second polymeric segment having a 
glass transition temperature which is between -20^C and 
20*^0. Such polymerizations are normally catalyzed with 
an organolithium catalyst and are normally carried out In 
an Inert organic solvent 

Summary of the Invention 

It has been unexpectedly found Itiat terpolymers of 
styrene. isoprene arxi butadiene which exhibit multiple- 
viscoelastic responses result from terpolymerizations of 
styrene. isoprene and butadiene in the presence of an 
alkali metal alkoxide and an organolithium compound. By 
utilizing this technk]ue, such terpolymers which exhibit 
multiple glass transition temperatures can be prepared 
in a single reaction zone. The SIBR (styrene-lsoprene- 
butadlene rubber) made by tiie technique of this inven- 
tion offers an outstanding combination of properties for 



utilization in making tire tread rubber compounds. Utiliz- 
ing SIBR prepared by the technique of this invention in 
tire tread results In Inproved wet skid resistance without 
sacrificing rolling resistance or tread wear characteris- 
5 tics. 

Utilizing the technique of this invention, SIBR which 
exhibits multiple visooelastic response can be easily pre- 
pared on a commercial basis in a single reaction zone. 
In other words, this invention eliminates the need for uti- 

10 llzatlon of two or more polymerization reactors for pre- 
paring SIBR which exhibits nrultiple gjlass transition 
temperatures. 

Tlie subject invention more specifically discloses a 
process for preparing a rubbery terpolymer of styrene. 

75 Isoprene, and butadiene having multiple glass transition 
temperatures and having an excellent combination of 
properties for use in making tire treads which comprises: 
terpolymerizing styrene. isoprene and 1 .3-butadiene in 
an organic solvent at a temperature of no more than 

20 about 40''C in the presence of (a) at least one member 
selected from the group consisting of tripiperidino phos- 
phina oxide and alkali metal alkoxides and (b) an orga- 
nolithium compound. 

2S Detailed Description of the Invention 

This invention relates to a technique for preparing 
SIBR which is comprised of repeat units which are 
derived from styrene. isoprene, and 1 ,3-butadiene. The 

30 monomer charge composition utilized in ihe synthesis of 
the SIBR will typically contain from about 5 weight per- 
cent to about 35 weight percent styrene. from about 20 
weight percent to about 75 weight percent isoprene. and 
from about 20 weight percent to about 75 weight percent 

55 1, 3-butadiene. It is normally preferred for the SIBR to 
contain from about 5 weight percent to ai^out 30 weight 
percent styrene. from about 30 weight percent to about 
60 weight percent Isoprene. and from about 30 weight 
percent to about 60 we'^ht percent butadiene. It is gen- 

40 erally meet preferred for the monomer charge compoei- 
tion to contain from about 10 weight percent to al^out 25 
weight percent styrene. from about 35 weight percent to 
about 45 weight percent isoprene. and from about 35 
weight percent to about 45 weight percent butSKliene. 

45 Since the polymerizations of this invention are normally 
carried out to completion, the ratio of monomers in the 
charge composition wSl be equivalent to the bound ratio 
of monomers in the SIBR terpolymer. 

The polymerizations of the pre&ent invention will 

so normally be carried out in a hydrocartx)n solvent which 
can be one or more aromatic, paraffin ic. or cyclopar- 
aHinic compounds. These solvents will normally contain 
from 4 to 10 cartoon atoms per molecule and will be liq- 
uids under the conditions of tiie polymerization. Some 

55 representative examples of suitable organic solvents 
include pentane. isooctane, cyclohexane. normal hex- 
ane. benzene, toluene, xylene, etiiylbenzene. and Ihe 
like, alone or in admixture. 
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In the soluticn polymerizations of thi8 invention, 
there will normally be from about 5 to about 35 weight 
percent monomers in the polymerizatiGn medium. Such 
polymerization media are. of course, comprised of the 
organic solvent, 1,3-butadiene monomer, styrene mon- 
omer and isoprene monomer. In most cases, it will be 
preferred for the polymerization medium to contain from 
10 to 30 weight percent monomers. It is generally more 
preferred for the polymerization medium to contain 20 to 
25 weight percent monomer. 

Polymerization is started by adding an organoiithium 
compound and an alkali metal alkoxide or triplperldino 
phosphine oxide to the polymerization medium. Such 
polymerizations can be carried out utilizing batch, semi- 
continuous, or continuous tedinlqueG. In a continuous 
process additional monomer, catalyst and solvent are 
continuously added to the reaction vessel being utilized. 
The polymerization temperature utilized will typically be 
wiliiin the range of about -lO^'C to about 40''C. ft is nor- 
mally preferred for the polymerization medium to be 
maintained at a temperature which is within the range of 
about O^C to about 30*^C throughout the polymerization. 
It is typically most preferred for the polymerization tem- 
perature to be witfiin the range of about lO'^C to atxsut 
ao^'C. The pressure used will normally be sufficient to 
maintain a substantially liquid phase under the condi- 
tions of the polymerization reaction. 

The polymerization is conducted for a length of time 
sufficient to permit substantiaJly complete polymeriza- 
tion of monomers into SI BR. In other words, the polym- 
erization Is normally carried out until high conversions 
are realized. The polymerization can then be terminated 
using a standard procadura 

The organoiithium compound which can be utilized 
includes organomonoRthium compounds and organo 
multifunctional lithium compounds. The organo mufti- 
functional lithium compounds will typically be organodi- 
lithium compounds or organotri lithium compounds. 
Some representative examples of suitable multifunc- 
tional organoiithium compounds include 1 ,4-dililhiobu- 
tane. 1,10-dilithiodecane, 1 ,20-dlllthioeloosBne, 1.4- 
diiithiobenzene. 1 ,4-dilithionaphthalene, 9,10-dilithioan- 
thracene, 1 ,2-dllrthio-1 .2<liphenyle1hane, 1.3.5,-trilithlo- 
pentane, 1.5,15-trilithioeicosane, 1,3,5- 

trilithiocyclohexane. 1 .3.5.8'tetralithiadecane, 

1 ,5. 1 0,20-tetralrthioeicosane, 1 ,2.4.6-tetralithiocy- 
clohexane. 4.4*-dilfthiobiphenyl, and the like. 

The organoiithium compounds which can be utilized 
are normally organomonolilhium compounds. The orga- 
noiithium compounds which are preferred can be repre- 
sented by the formula: R-Li, wherein R represents a 
hydrocartsyt radical containing from 1 to about 20 carton 
atoms. Generally, such monofunctional organolHhlum 
compounds will contain from 1 to about 10 cartx^n atoms. 
Some representative examples of organoiithium com- 
pounds which can be employed include methyllithium, 
ethyllithium, isopropyllrthium, n -butyl lithium, sec-butyl- 
lithium, n-octyllithium, tert-octyllithlum, n-decyllilhium, 
phenyllithium, 1-naphithyllithium, 4-butylphenyllithium, p- 



toiyllithium, 4-pheny1butyllithium, cydohexy I lithium, 4- 
butytcydohexylltthium, and 4-cyclohexylbutyllithium. 

The alkali metal in the alkali metal alkoxide can be 
potassium, rutsidium or cesium. It is typically preferred 

5 for the alkali metal to be potassium. The alkaJI metal 
alkoxide will typically contain from abovX 2 to about 12 
carbon atoms. It Is generally preferred for the alkali metal 
alkoxide to contain from about 3 to about 8 carbon atoms. 
It is generally most preferred for the alkali metal alkoxide 

10 to contain from about 4 to about 6 carbon atoms. Potas- 
sium t^myloxide (potassium t-pentoxide) is a highly pre- 
ferred alkali metal alkoxide which can be utilized in the 
catalyst systems of this invention. In most cases it is pre- 
ferred for the member selected from the group consisting 

75 Of tripiperidino phosphine oxide arxj alkali metal alkox- 
ides to be tripiperidino phosphine oxide. 

In the catalyst systems of this Invention, the molar 
ratio of the tripiperidino phosphine oxide or the alkali 
metal alkoxide to the organorithium compound will typi- 

20 cally be within the range of about 0.1 :1 to about 6:1 . It is 
generally preferred for the nmlar ratio of the alkali metal 
alkoxide or the tripiperidino phosphine oxide to the orga- 
noiithium compound to be within the range of about 0.4:1 
to about 2:1 . Molar ratios within the nange of about 0.8:1 

25 to about 3:2 are most preferred. 

The amount of catalyst employed will be dependent 
upon the molecular weigf^ which is desired for the SIBR 
being synthesized. As a general rule with all anionic 
polymerizations, the nwlecular weight of the polymer 

30 produced is inversely proportional to the amount of cat- 
alyst utilized. As a general rule, from about 0.01 to about 
1 phm (parts per hundred parts of monomer tjy weight) 
of the organoiithium oompound will be empbyed. In most 
cases, it will be preferred to utilize from about 0.015 to 

S5 about 0.1 phm of the organoiithium compound with it 
being most preferred to utilize from about 0.025 phm to 
0.07 phm of the organoiithium compound. 

SIBR made by the process of this invention has mul- 
tiple glass transition temperatures. It exhibits a first glass 

40 trEinsitton temperature which is between about -1 10°C 
and about -20^C. It has also exhibits a second glass tran- 
sition temperature which is between -SCC and O'^C. In 
many cases the SIBR also exhibits a third glass transition 
temperature which is within the range of about -20°C to 

45 20''C. In most cases the SIBR to have a first glass tran- 
sition temperature which is within the range of -40''C to 
-20*C and a second glass transition temperature which 
is within the range of -25''C to -S^'C. The glass transition 
temperatures refen-ed to herein are asdetermined by drf- 

50 ferentlal scanning calorimetry using a Dupont thermal 
analyzer with a heating rate of SO^'Cper minute and sam- 
ple size of 8 mg. 

The multiple glass transition temperatures of the 
SIBR is attributable to polymeric segments within the 

55 SIBR which have different microstructures and different 
monomeric ratios. It has been determined that in the 
polymerizations of tills invention tiiat styrene is the most 
reactive monomer with butadiene being somewhat less 
reactive and with isoprene being much less reactive. This 
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means that the initial polymer segments formed are rich 
in styrene and butadiene with relatively few repeat units 
in the initiai segments being derived from isoprene. How- 
ever, toward the end of the polymerization, the supply of 
styrene monomer is essentially exhausted and polymer 
segments containing repeat units which are derived 
almost entirely from butadiene and Isoprene result 
Because isoprene has the lowest relative rate of reactiv- 
ity, ttie final polymer segments formed will be relatively 
rich In isoprene repeat units. In the area between the two 
ends of the polymer chains, there is normally a transition 
zone. Such a transition zone has a microstructure and a 
monomer content which is intermediate to the two poly- 
meric segments at opposite ends of ti^e SIBR polymer. 
In effect, the microstructure and monomeric make-up of 
the polymer in this transition zone is tapered. 

It is normally advantageous to utilize the SIBR of this 
invention in blends with other rubbers in making tire tread 
compounds. Tire treads of this type will normally be com- 
prised of about 30 weight percent to about 80 weight per- 
cent of the 81 BR. based upon the total amount of rubber 
in the blend. Such blends wilt preferably contain from 
about 50 weight percent to about 70 weight percent of 
the SIBa For instance, the SIBR of this invention can be 
Islended with natural rubber or synthetic polyisoprene in 
order to make tread compounds for passenger tires 
which exhibit outstanding rolling resistance, traction, and 
tread wear characteristics. Such blends will normally be 
comprised of about 50 weight percent to about 70 weight 
percent of the SIBR and from about 30 weight percent 
to about 50 weight percent cff the natural rubber or syn- 
thetic isoprene. High performance tires which exhibit 
very exceptional traction characteristics, but somewhat 
comprised tread wear and rolling resistance, can be pre- 
pared by blending from about 50 weight percent to about 
70 weight percent of the SIBR with from about 30 percent 
to about 50 percent of a standard solution or emulsion 
sfyrene-buladlene rubber (SBR). In cases where tread 
wear is of greater importance than traction, such as 
heavy truck tires, high d8-1,4-polyt3utadiene or high 
trans-1 .4-polybutadiene can be substituted for the emul- 
sion or solution SBR. Tire treads made utilizing such a 
rubber blend containing high cis-1 .4-polybutadiene 
and/or high trans-1 .4-polybutadiene exhibits very out- 
standing tread wear and rolling resistance while main- 
taining satisfactory traction characteristics. 

This invention is illustrated by the following exam- 
ples which are merely for the purpose of illustration and 
are not to be regarded as limiting the scope of the inven- 
tion or the manner in which it can be practiced. Unless 
specifically indicated otherwise, all parts and percent- 
ages are given by weight. 

Example 1 fComoarative^ 

SIBR having only one glass transition temperature 
was synthesized in this experiment. A monomer solution 
containing 20 weight percent styrene. 40 weight percent 
1 ,3-butadiene. and 40 weight percent isoprene was dried 



in a column packed with silica, alumina, a molecular 
sieve and sodium hydroxide. The monomer solution 
which contain 16.4 weight percent monomers in hexane 
was charged into a one gallon (3.8 liter) reactor. Then, 
$ 3.07 ml of a potassium p-amylate solution (0.68 M in hex- 
ane) and 2 ml of n-butyllithium (1.04 M in hexane) was 
charged into the reactor. The reactor was maintained at 
a temperature of 50"* C with agitation being applied. Small 
quantities of the reaction mixture were taken from the 
10 reactor periodically to analyze the residual monomers 
and determine their polymerization rates. When the 
polymerization was completed (after about 7-8 hours). 2 
ml of methyl alcohol was added to shortstop the polym- 
erization. Then, 1 phr (parts per hundred parts of rubber) 
75 of an antioxKiant was added to the SIBR cement. TTie 
hexane solvent was then evaporated with the SIBR 
recovered being dried in a vacuum oven overnight at 
SO^'C. It was determined that the SIBR contained 1S% 
bound styrene. 16% bound 1 ,2-butadlene. 24% tx)und 
20 1 ,4-butadiene units, 18% 3,4-polyisoprene units, 24% 
bound 1 ,4-polyi80prene units and 2% 1 ,2-i80prene units. 
DSC showed that tiie SIBR had a single glass transition 
temperature at -53°C. The SIBR synthesized had only 
one glass transition temperature because the polymeri- 
as zation was conducted at a temperature of SO'C. The 
polymerization temperature utilized in the synthesis of 
SIBR having two glass trar^ition temperatures will be 
maintained at less than 40''C and preferably less than 
30*C. 

30 

Example 2 

In this experiment SIBR having two glass transition 
temperatures was synthesized utilizing the techniques 

3s of this invention. In the procedure used a nxtnomer solu- 
tion containing 10% styrene, 45% isoprene. and 45% 
butadiene was dried in a column packed witii silica, alu- 
mina, a mdecular sieve and sodium hydroxide. Then, 
2870 g of the monomer solution which contained 1 7.6% 

40 monomers in hexane was charged into a one gallon (3.8 
liter) reactor. Polymerization was Initiated by charging 
11.4 ml. of a 3.3 M solution of tripiperidino phosphine 
oxide (TFPO) in hexane and 1.8 ml. of a 1.1 M solution 
of n-butyl lithium in hexane into the reactor. The molar 

45 ratio of TPPO to n-butyl lithium was 2:1 . The temperature 
in the reactor was maintained within the range of lO^C 
to 14«C. 

Small samples were taken out of the reactor period- 
ically during the polymerization to monitor the level of 

so residual monomers. Such samples showed that the sty- 
rene and 1,3-butadiene polymerized very fast. In fact, 
essentially all of tiie styrene and butadiene polymerized 
within 30 minutes. IHowever. the isoprene continued to 
polyermize for 5 more hours at which time the polymer- 

ss Ization was shortstopped by the addition of methanol. 
Then. 1 phr of an antioxidant was added to the SIBR 
cement. 

The hexane solvent was evaporated with the SIBR 
recovered being dried in a vacuum oven overnight at 
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50'C. It was determined that the SIBR contained 32% 
1,2-polytxJtadiene units. 16% 1,4-polytxitadiene units, 
32% 3.4-polyisoprene units. 7% 1,4-polyisoprene units, 
3% 1.2-poiyisoprene units, and 10% polystyrene units. 
DSC showed that the SIBR had a first glass transition 
temperature at -21 ''C and a second glass transition tem- 
perature at -B'^C. 

Ex^rpplQ 3 

The procedure described in Example 2 was utilized 
In this experiment except that the polymerization was 
maintained at higher temperature within the range of 
24*^0 to 34"*C. The SIBR produced was determined to 
have a first glass transition temperature at -32°C and a 
second glass transition temperature at -22''C. It was also 
determined to have a microstructure whidi contained 
27% 1,2-polybutadiene units, 21% 1,4-polytxitadiene 
units, 32% 3,4-iX}lyisoprene units, 9% 1 ,4-polyisopr6ne 
units, 1% 1.2-poIyisoprene units, and 10% polystyrene 
units. 

Example 4 

The procedure described in Example 3 was utilized 
in this experiment except that the molar ratio of TPPO to 
n-butyl Dthium was increased to 3:1 . The SIBR produced 
was determined to have a first glass transition tempera- 
ture at -25'^C and a secorxi glass transition temperature 
at -1 1 *C. The SIBR was also determined to contain 29% 
1,2-polybutadiene units. 18% 1 ,4-polybutadiene units, 
34% 3,4-polyisoprene units. 7% 1,4i30lyi80prene units, 
2% I.Z-polyisoprene units, and 10% polystyrene units. 

Example 5 (Comparative) 

The procedure described in Example 4 was utilized 
in this experiment except that the polymerization was 
maintained at a temperature within the range of ACrO to 
70*^0. The SIBR produced had only one glass transition 
temperature which was at -32<^C. 

Variations in the present invention are possible in 
light of the description of it provided herein. It is. there- 
fore, to be understood that changes can be made in the 
particular embodiments described which will be in the 
full intended scope of the invention as defined by Ihe fol- 
lowing appended claims. 

Claims 

1 . A process for preparing a rubbery terpolymer of sty- 
rene. isoprene, and butadiene having multiple glass 
transition temperatures and having an excellent 
combination of properties for use in making tire 
treads which is characterized by: terpolymerizing 
styrene. isoprene and 1.3-butadiene in an organic 
solvent at a temperature of no more than about 40''C 
in the presence of (a) at least one member selected 
from the group consisting of tripiperidino phosphine 



oxide and alkali metal alkoxides and (b) an organo- 
lithium compound. 

2. A process as specified in claim 1 characterized in 
s that the organolithium compourx:! is an organomon- 

olithium compound; characterized in that the terpo- 
lymerizatlon is carried out at a temperature which is 
within the range of about -lO^C to about 40*'C; and 
characterized in that the molar ratio of the trlplperid- 
10 ino phosphine oxide or alkali metal aitoxide to the 
organolithium compound is within the range of about 
0.1:1 to about 6:1. 

3. A process as specified in claim 1 or 2 characterized 
IS in that a monomer charge containing from about 5 

weight percent to about 35 weight percent styrene. 
from about 20 weight percent to about 75 weight per- 
cent isoprene, and from about 20 weight percent to 
about 75 weight percent 1,3-butadiene, based upon 
20 total monomers, is utilized. 

4. A process as specified in any of the preceding claims 
characterized in that the organic solvent contains 
from about 5 weight percent to about 35 weight per- 

2s cent monomers; and characterized in that firom 
about 0.01 phm to about 1 pivn of the organolithium 
compound is present 

5. A process as specified in claim 1. 2, 3 or 4 charac- 
30 terized in that the memt^er selected from the group 

consisting of tripiperidino phosphine oxide arxi alkali 
metal alkoxides is an alkali metal alkoxide and char- 
acterized in that the alkali melal alkoxide Is potas- 
sium p-amyloxide. 

55 

6. A process as specified in claim 1, 2, 3 or 4 charac- 
terized in that the member selected from the group 
consisting of tripiperidino phosphine oxide Bnd alkali 
metal alkoxides is tripiperidino phoephine oxide. 

40 

7. A process as specified in any of the preceding claims 
characterized in that said terpolymerization is car- 
ried out at a temperature which is within the range 
of about O'^C to about 30°C. 

4S 

8. A process as specified in claim 5 characterized in 
that the molar ratio of the potassium p-amyloxide to 
the organolithium compound Is within the range of 
about 0.4:1 to about 2:1. 

so 

9. A process as specified in any of the preceding claims 
characterized in that the terpolymerization is can-ied 
out at a temperature which is within the range of 
about lO'^C to about 20'*C. 

55 

10. The styrene-isoprene-butadiene rubber made by 
the process specified in any of the preceding claims. 
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PatsntansprQclie 

1. Verfahren zur Herstellung eines kautschukartigen 
Terpolymere von Styrol, Isopren und Butadien, das 
mehrere GlasQbergangstemperaturen aufweist und 
da8 eine ausgezeichnete Kombination von Eigen- 
schaften fOr die Verwendung in der Herstellung von 
Rerfenlauffiachen aufweist. welches gekennzeich- 
net ist durch: Terpolymerisleren von Styrol, Isopren 
und 1,3-Butadien in einem organischen LOsungs- 
mittel bel einer Temperatur von nicht mehr als etwa 
40^ C In Gegenwart von (a) mindeslens einem Mit- 
glied. ausgewdhtt au8 der Gruppe, die aus Tripipe- 
ridinophosphinoxid und AH^imetallaltoxiden 
besteht, und (b) einer OrganolithiunvVert^indung. 

2. Verlahren wie in Anspruch 1 angegeben, dadurch 
gekennzeichnet, daQdie Organolilfiium-Verbindung 
eine Organomonolithium-Verbindung ist; dadurch 
gekennzeichnet. daB die Terpolymerisation bei 
einer Temperatur, die innerhalb des Bereichs von 
etwB -lO^C bis etwa 40^0 liegt, durchgefOhrt wird; 
und dadurch gekennzeichnet, daB dae Molverh&lt- 
nls des Tripiperidinophoshlnoxids oder Aikalimetall- 
alkoxids zur Organolrthium-Verbindung innerhalb 
des Bereichs von etwa 0,1:1 bis etwa 6:1 liegt. 

3. Verfahren wie in Anspruch 1 oder 2 angegeben. 
dadurch gekennzetehnet. dal) eine Monomerbe- 
echickung verwendet wird. die. bezogen auf die 
Gesamtmonomere. etwa 5 Gewichtsprozent bis 
etwa 35 Gewichtsprozent Styrol, etwa 20 Gewichts- 
prozent bis etwa 75 Gewichtsprozent Isopren und 
etwa 20 Gewichtsprozent bis etwa 75 Gewichtspro- 
zent 1 .3-Butadien enthait. 

4. Verfahren wie in irgendeinem der vorangehenden 
AnsprOche angegeben, dadurch gekennzeichnet 
da^dasorganischeLOsungsmitteletwaSGewichts- 
prozent bis etwa 35 Gewichtsprozent Monomere 
enthait: urxi dadurch gekennzeichnet, da3 etwa 
0,01 ThM bis etwa 1 TtiM der Organolithium-Verbin- 
dung anwesend sind. 

5. Verfahren wie In Anspruch 1 , 2. 3 oder 4 angegeben. 
dadurch gekennzeichnet. daBdas MHglied, das aus 
der Gruppe ausgewdhit ist, die aus Tripiperidino- 
phosphinoxld und Alkalimetallaltoxiden besteht, ein 
Alkalimetalialkoxd ist; und dadurch gekennzeich- 
net daBdas AlkalimatallalKoxld KaDum-p-amyloxfd 
ist. 

6. Verfahren wie In Anspruch 1,2.3 oder 4 angegeben. 
dadurch gekennzeichnet, daB das Mitglied, das aus 
der Gruppe ausgewfthlt Ist die aus Trlpiperidino- 
phosphinoxid und AlkalimetaJlalkoxiden besteht, 
TripiperMinophosphinoxki Ist. 



7. Verfahren wie in irgendeinem der vorangehenden 
Anspruche angegeben. dadurch gekennzeichnet, 
daB die Terpolymerisation bei einer Temperatur, die 
innerhalb des Bereichs von etwva 0^*0 bis etwa ZO^'C 

s liegt, durchgefOhrt wird. 

8. Verfahren wie In Anspruch 5 angegeben, dadurch 
gekennzeichnet, dsiB das Motvertiaitnis vom 
Kallum-p-amyloxid zur Organolithium-Verbindung 

10 innerhalb des Bereichs von etwa 0,4:1 bis etwa 2:1 
liegt. 

9. Verfahren wie in irgendeinem der vorangehenden 
AnsprOche angegeben, dadurch gekennzeichnet. 

75 daB die Terpolymerisation bei einer Temperatur. die 
innerhalbdes Bereichs von etwa 10°C bis etwa 20^*0 
liegt. durchgefOhrt wird. 

10. Styrol-lsopren-Butadien-Kautschuk« der durch das 
20 in irgendeinem der vorangehenden AnsprOche spe- 

zif izierte Verfahren hergestellt ist. 

Revendlcatlons 

ss 1- Proc6d6 pour pr^arer un terpolym^re caoutchou- 
teux de styrdne, d'isopr^e et de butadiene poss6- 
dant piusieurs temperatures de transition vitreuse et 
poss^dant une combinaison excellente de propri6- 
t6s permettant de rutiliser dans la fabrication de 

30 bandes de roulements de bandages pneumatiques. 
qui 86 caract^rise par le fait de : soumettre k une 
terpolymerisation du styr^ne, de I'isoprene et du 1 .3- 
butadidne dans un solvant organique k une tempe- 
rature qui n^est pas supdrieure k environ 40'' C en 

3S presence de (a) au moins un memisre choisi parmi 
le groupe cons1itu6 par de I'oxyde de triplperidino- 
phosphine et par des alcoxydes de metaux alcalins 
et de (b) un compose d'organolrthlum. 

40 2. Precede tel que specifie k la revendication 1. carac- 
terise en ce que le compose d^organolrthium est un 
compose d'organomonoGthium; caracteri&e en ce 
que I'on effectue la terpolymerisation k une tempe- 
rature qui se situe dans le domaine d'environ -lO^C 

45 k environ 40''C; et caracterise en ce que le rapport 
molaire de I'oxyde de trlpiperkjino-phosphlne ou de 
ralcoxyde de metal alcalin au compose d'organoli- 
Ihium se situe dans le domaine d'environ 0.1:1 k 
environ 6:1. 

so 

3. Precede tel que specifie k la revendication 1 ou 2, 
caracterise en ce qu*on utilise une charge de mono- 
meres contenant d*environ 5 pour cent en poUs k 
environ 35 pour cent en poids de styrene, d'environ 
55 20 pour cent en poids k environ 75 pour cent en 
poids d'isoprene et d*environ 20 pour cent en poids 
k environ 75 pour cent en poids de 1.3-butadiene. 
bes6s sur le poids total des monom^res. 
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4. Proc^4 tel que sp^crfi^ dans Tune quelconque des 
revendications pr^^entes, caract6ri86 en ce que 
le sotvant organique contient d'environ 5 pour cent 
en poid8 d environ 35 pour cent en poids de mono- 
m^res; et caract6ris6 en ce qu*est prdsente de 0,01 5 
phm k environ 1 phm du compost d'organolithium. 



5. Proc6d4 tel que specif d la revendication 1 , 2, 3, 
ou 4, caract6risd en ce que ie membre cholsl parmi 

le groupe oonstitud par I'oxyde de tripipdridino- 10 
phoephine et par des alcoxydes de m^ux alcalins 
est un alcQxyde de mdtal alcalin; et caract6rls6 en 
ceque ralcoxydede m6tal alcalin eet lep-amyloxyde 
de potassium. 

75 

6. Proc^6 tel que 8p6af i6 k la revendication 1 , 2, 3 ou 
4, caract6ris6 en ce que le membre cholsl parmi le 
groupe constitud par roxyde de tripip^ridino-phoe- 
phine et par des alooxydes de m6taux alcalins est 
I'oxyde de tripip^ridino-phosptiine. 20 



7. Proc^d tel que sp^crf 16 dans Tune quelconque des 
revendications pr^c^entee, caract^ris^ en cequ'on 

effactue ladite terpolymdrisalion k une temp6rBture ^v^l^ 
qui eesitue dans ledomalne d'environ 0°C& environ 25 ^ 

8. Proc^6 tel que sp^if i6 k la revendication Si Carac- 
t6rls6 en ce que le rapport molaire du p-amyloxyde 
de potassium au compost d'prd«^^lithium se situe 30 
dans le domalne d'environ 0,4:1 k environ 2:1. 



9. Proc6d6 tel que spdcifid dans I'une queteonque des 
revendications pr6c6dentes, caract6ris6 en cequ'on 
effectue la terpolym^risation k une temperature qui 3S 
se situe dans le domains d*envlron 10*^ It environ 
20'C. 



10. Caoutchouc de styr^e-isopr^e-butadi^e pre- 
pare par le proc^6 specific dans i'une quelconque 40 
des revendications pr6c6dentes. 



4S 
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